Objective: Whether diabetes mellitus (DM) is a risk factor for spontaneous intracerebral hemorrhage (ICH) and influences outcome after ICH remains unclear. Methods: One reviewer searched Ovid MEDLINE and Embase 1980-2014 inclusive for studies investigating the associations between DM and ICH occurrence or DM and ICH case fatality. Two reviewers independently confirmed each study's eligibility, assessed risk of bias, and extracted data. One reviewer combined studies using random effects meta-analysis.
Spontaneous (nontraumatic) primary intracerebral hemorrhage (ICH) affects at least 2 million people worldwide each year. 1 Two-thirds of these people are dead or disabled within 1 year and survivors have a high risk of recurrent stroke. 2, 3 Case-control and cohort studies have described the association between diabetes mellitus (DM) and ICH and its outcome, but the findings of individual studies and systematic reviews have left uncertainty about these associations. [4] [5] [6] There was no evidence of an association between DM and ICH in a meta-analysis of 8 case-control studies (unadjusted odds ratio [OR] 1.27, 95% confidence interval [CI] 0.98-1.65) 6 and the recent INTERSTROKE casecontrol study, 4 but an association was found in an individual patient data meta-analysis of prospective cohort studies (adjusted hazard ratio 1.56, 95% CI 1.19-2.05). 5 A recent systematic review did not find consistent statistically significant associations between DM and long-term case fatality after ICH in 9 small cohort studies, although a meta-analysis was not performed. 3 Therefore, in view of the inconsistencies among small individual studies, the different findings of meta-analyses of case-control and cohort studies of the association between DM and ICH occurrence, 5, 6 the publication of many new case-control studies since the most recent study-level meta-analysis, 6 and the lack of a meta-analysis of the association between DM and outcomes of ICH, 3 we undertook a systematic review and meta-analysis to further investigate these associations.
METHODS Protocol registration and reporting. We registered our protocol with PROSPERO (CRD42014015039) and report changes to the protocol in this article. We report our study according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses. 7 Standard protocol approvals, registrations, and patient consents were not required for this systematic review and meta-analysis of summary-level data.
Eligibility criteria. To investigate the association between DM and the occurrence of ICH, we sought case-control and cohort studies reporting people of any age with and without ICH and quantifying the number in each group with DM. In the protocol, we intended to restrict inclusion to studies of firstever ICH, but because many studies were unclear about this, or included a small number of patients with recurrent ICH, we broadened this criterion and explored it in sensitivity analyses. Because studies varied in their inclusion of incident first-ever ICH, recurrent ICH, or prevalent ICH, we simply refer to the occurrence of ICH. We included only studies that compared the occurrence of ICH to control groups free of stroke. To investigate the association between DM and outcome after ICH, we sought cohort studies of people with ICH of any age, describing the numbers of people with and without DM, and reporting in each group case fatality in a defined time period, disability or dependence, or stroke recurrence. Studies were eligible if they reported confirmation of ICH diagnosis by brain imaging, surgery, or pathologic examination. If studies reported people with extracerebral intracranial hemorrhage, ICH secondary to an underlying cause (such as trauma, intracranial tumor, or vascular malformation), or hemorrhagic transformation of cerebral infarction, we only included them if we could extract data on the group with primary ICH alone. We relied on studies' own definitions of DM, diagnosed before or at the time of ICH. If there were multiple publications from one study cohort, we included only the publication with the largest amount of data relevant to this review. We did not restrict inclusion by language of publication or sample size. Search. We used electronic strategies to search databases (appendix e-1 at Neurology.org) and restricted results to studies of humans indexed between 1980 and November 5, 2014.
Study selection and data collection. After automated deduplication in EndNote X7, one reviewer (M.B.) screened all titles and available abstracts for potentially eligible studies, and 2 reviewers (M.B. and M.T.C.P.) independently screened the full text of these studies, using a data extraction form to assess eligibility and extract data for meta-analysis. We obtained a translation of any publication in languages other than English, French, Spanish, and Chinese. One of 2 other reviewers (R.A.-S.S. or S.H.W.) resolved any uncertainties or disagreements between reviewers.
Data items. We extracted data on the following: aspects of study design that affected inclusion; the risk of bias in individual studies (see below); known potential confounders (e.g., age, sex, pre-ICH hypertension, pre-ICH antithrombotic drug use, Glasgow Coma Scale score, ICH location, ICH volume, and intraventricular extension); DM definition and characteristics (e.g., type, duration, glycemic control, and use of insulin or oral hypoglycemic drugs); and follow-up in cohort studies (e.g., duration and number of events).
Risk of bias in individual studies. Two reviewers (M.B. and M.T.C.P.) independently classified eligible studies' methods, and assessed risk of bias at the study level, guided by the REMARK guidelines, 8 based on whether the design was population-based or hospital-based and prospective or retrospective. In case-control studies, we also assessed the method of selecting controls and whether cases and controls appeared to be comparable in age, sex, and pre-ICH hypertension. In cohort studies reporting the outcome of ICH, we also considered whether there was selection bias in the assembly of the cohort, differences between people with and without DM that might confound associations, information bias from differential surveillance of people with and without DM, blinding of outcome assessment, complete follow-up, and whether missing data affected studies' results. Risk of bias across studies was not assessed. Summary measures. We described associations using the OR for case-control studies and risk ratio (RR) for cohort studies.
Synthesis of results.
We used meta-analysis to pool studies' unadjusted summary measures of association using the Mantel-Haenszel random-effects method. We quantified statistical heterogeneity between studies with the x 2 test and inconsistency across studies using the I 2 statistic that describes the percentage of the variability in effect estimates that is due to heterogeneity rather than sampling error. 9 We performed statistical analyses in Review Manager version 5.3.
RESULTS Study selection. After identifying 4,331 titles from searching databases and 20 titles from hand searching, duplicate removal, screening, and eligibility assessment led to the inclusion of 49 studies, 10-32,e1-e26 40 of which had data suitable for meta-analysis (figure e-1). 10-30,32,e1-e18 Association between DM and the occurrence of ICH.
Study characteristics. We identified 23 eligible studies, of which one study did not report data to enable its inclusion in quantitative meta-analysis, 31 leaving 19 case-control studies and 3 cohort studies including 84,426 people for analysis (table 1) . 32 Risk of bias within studies. Of the 22 studies included in the quantitative analysis, only 26% were populationbased and 83% were restricted to first-ever ICH (table 1). In 19 case-control studies, 11 (58%) studies selected controls from people admitted to the same hospitals as cases for conditions other than stroke, 2 (11%) randomly selected controls, 1 (5%) selected controls from participants in another study, 1 (5%) selected controls from relatives of the cases, and 4 (21%) studies did not specify. Of the 13 (68%) case-control studies that compared the frequency of men and average age between cases and controls, the frequencies were comparable in 11 (85%) studies. Of the 18 (95%) studies Table 1 Characteristics of the 22 studies included in the meta-analysis of the association between diabetes mellitus and the occurrence of intracerebral hemorrhage (ICH) that compared the frequency of hypertension between cases and controls, the frequencies were similar in 4 (22%) studies, but they were statistically significantly higher in cases than in controls in 14 (78%) studies. Only 2 case-control studies adjusted measures of association for one of these potential confounders. 19, 22 In 3 cohort studies, one was prospective, 32 but none described the prevalence of known risk factors for ICH (e.g., age, history of hypertension, and antithrombotic drug use) in people with and without DM. Among all 22 studies, assessing the association between DM and ICH was the primary aim of just 1 study. 28 None of the studies reported information about DM type, duration, glycemic control, and hypoglycemic treatment.
Results of individual studies and synthesis of results. In 19 case-control studies involving 3,397 people with ICH and 5,747 without ICH, DM was associated with ICH occurrence (unadjusted OR 1.23, 95% CI 1.04-1.45; I 2 5 22%; figure 1 ). However, in 3 population-based cohort studies involving 5,724 patients with DM (38 [0.66%] of whom developed first-ever ICH) and 78,702 patients without DM (448 [0.57%] of whom developed first-ever ICH), there was no evidence of an association between DM and ICH incidence (unadjusted RR 1.27, 95% CI 0.68-2.36; I 2 5 69%; figure 2 ). We were unable to adjust our analyses for other risk factors because data were not presented by DM status.
Additional analyses. There was no difference in the association between DM and ICH occurrence in hospital-based case-control studies (OR 1.21, 95% CI 1.01-1.45) vs population-based studies (OR 1.36, 95% CI 0.78-2.37; p diff 5 0.70; figure 1) . A borderline association between DM and ICH occurrence was found in the 16 studies in which cases and controls were comparable for age and sex (OR 1.15, 95% CI 0.95-1.40; I 2 5 14%; figure e-2). We performed a post hoc subgroup analysis and did not find a significant difference between studies that were restricted to first-ever ICH and those that were not (p diff 5 0.05; figure e-3). Association between DM and outcome after ICH. Study characteristics. We identified 26 eligible cohort studies, e1-e26 in which case fatality was reported at hospital discharge (8 studies), 7 days (one study), 30 days (9 studies), 3 months (5 studies), 1 year (3 studies), and 3 years (one study). Some studies reported case fatality at more than 1 timepoint. In the quantitative meta-analysis, we combined the 18 studies that reported case fatality in 4,527 people by 30 days or hospital discharge (table 2) . e1-e18 Risk of bias within studies. Of the 18 studies included in the quantitative meta-analysis of case fatality by 30 days or hospital discharge, 1 (6%) was populationbased, 12 (67%) were prospective, and 3 (17%) specified restriction to first-ever ICH. Six (33%) studies specified a minimum age of 18 years and 3 (16%) specified further selection criteria, but none quantified the proportion of all eligible patients constituted by the cohort. Although many studies provided summary measures of known risk factors for poor outcome after ICH, these were not described separately for people with and without DM, and only 6 (33%) adjusted measures of association for at least one of these potential confounders. e4,e5,e9-e11,e16 Missing data and completeness of follow-up were quantified by 2 studies, though never separately for people with and without DM, so differential loss to follow-up could not be assessed; outcomes were assessed blind to DM diagnosis in just one study. e11 Assessing the association between DM and ICH outcome was the primary aim of only one study. e2 Studies did not report information on DM type, duration, glycemic control, or hypoglycemic treatment.
Results of individual studies and synthesis of results. In 18 cohort studies involving 813 people with DM and 3,714 patients without DM, DM was associated with a higher risk of death by 30 days or hospital discharge (unadjusted RR 1.52, 95% CI 1.28-1.81; I 2 5 49%; figure 3 ). We were unable to adjust our analyses for other risk factors for poor outcome because of the lack of data on these potential confounders in people by DM status.
Additional analyses. There was no difference in the association between DM and ICH outcome in 3 studies restricted to first-ever ICH (RR 1.31, 95% CI 0.89-1.92) vs 15 studies that did not specify first-ever ICH or included recurrent ICH (RR 1.57, 95% CI 1.29-1.91; p diff 5 0.40; figure 3 ).
DM was associated with a higher 3-month case fatality rate in 5 hospital-based studies (unadjusted RR 1.64, 95% CI 1.27-2.12; I 2 5 62%) e1,e11,e19-e21 and a higher 1-year case fatality rate in 3 studies (unadjusted RR 1.21, 95% CI 1.03-1.42; I 2 5 21%). e3,e21,e22
The prospective population-based study restricted to first-ever ICH did not find an association between DM and death within 3 years (unadjusted RR 0.96, 95% CI 0.54-1.69). e18 DISCUSSION In our meta-analysis of unadjusted study-level data from case-control studies, there was a relative increase of about 23% in the frequency of DM in people with ICH, although the estimate of this risk was imprecise and we found no association between DM and ICH in our meta-analysis of cohort studies. In our meta-analysis of unadjusted study-level data of case fatality reported in cohort studies, which were at moderate risk of bias and did not allow us to account for confounders, DM was associated with a relative increase of about 52% in the risk of dying by 30 days or hospital discharge after ICH.
Our finding that people with DM seem to have an increased risk of ICH updates a previous meta-analysis of study-level data that did not find this association. 6 However, the previous meta-analysis included fewer studies and some did not meet our more demanding eligibility criteria. Although this association between DM and ICH was not confirmed by our metaanalysis of summary level data from 3 cohort studies ( figure 2) , an association was found in a recent individual patient data meta-analysis of prospective cohort studies. 5 Our results were consistent with the study that specifically assessed the association between DM and the incidence of ICH 28 and the study that specifically assessed the association between DM and outcome after ICH. e2 If these modest associations between DM and ICH occurrence and outcome are real, they might be mediated by mechanisms such as the Association between diabetes mellitus and the incidence of intracerebral hemorrhage (ICH) in 3 cohort studies, ordered by study mid-year CI 5 confidence interval; events 5 number of people with ICH; ICH 5 intracerebral hemorrhage; M-H 5 Mantel-Haenszel; year 5 study mid-year. Abbreviations: C 5 pre-ICH diabetes; DM 5 diabetes mellitus; H 5 hospital-based; I 5 brain imaging; ICH 5 intracerebral hemorrhage; NS 5 not specified; P 5 population-based.
Neurology 87 August 30, 2016 association between DM and the occurrence of cerebral small vessel disease 33 and the association between hyperglycemia and ICH volume expansion. 34 The strengths of our study include its exhaustive literature search, lack of restriction by language of publication, its requirements for internal validity of included studies, independent review of eligibility by at least 2 reviewers, and exploration of any heterogeneity in the association by key risk of bias attributes. We took the opportunity to quantify the associations between DM and ICH occurrence and outcome in many studies that provided the data to do so, but had not set out to specifically examine these associations.
This study has some limitations. It was unavoidably influenced by the sampling frame, selection biases, and other aspects of the design of included studies, which covered a long time during which definitions of DM and hypertension have changed, [35] [36] [37] leaving the possibility of misclassification bias. The risk of bias of the included studies was moderate. Case-control studies far exceeded the number of cohort studies investigating the association between DM and ICH and there is considerable potential for selection bias as many casecontrol studies did not describe how they identified cases or controls. We were unable to control for major confounders such as systemic arterial hypertension and age (although we performed a post hoc sensitivity analysis, excluding one study restricted to adults aged 18-49 years, 24 which did not change the overall association in figure 1 ). The differences in characteristics of participants in the studies (for example, type or duration of DM, degree of glycemic control, and use of different treatments) may have influenced the moderate inconsistency between studies, but we used conservative random-effects meta-analysis models to take this into account. Most of the studies were hospital-based, which are much more vulnerable to selection bias than population-based studies, as is evident in the outcomes that they report. 3 We were also unable to control for all known confounders of the association between DM and ICH occurrence and outcome, because these data were scarce and not reported by DM status. No data were available in individual studies on DM characteristics (type of DM, duration of DM, and glycemic control), even among studies whose primary aim was to assess the association between ICH outcome and DM; therefore we were not able to examine whether occurrence of ICH or subsequent case fatality differed among subgroups of patients with DM. No studies reported stroke recurrence risks, precluding explorations Association between diabetes mellitus and case fatality after intracerebral hemorrhage (ICH) by 30 days or hospital discharge in 18 cohort studies, stratified by ICH type and ordered by mid-year of each study sample of the association of DM with these outcomes. Our inclusion criteria resulted in the exclusion of 18 studies that had specifically examined the association between DM and ICH incidence or outcome because they had identified ICH using ICD-10 coding (n 5 3) e27-e29 or other criteria that did not meet our eligibility criteria (n 5 2), e30-e31 had reported data on hemorrhagic stroke but not on ICH alone (n 5 3), e32-e34 compared ICH to another subtype of stroke (n 5 5), e35-e39 or used a study design that did not meet our eligibility criteria (n 5 5). e40-e44 Differences in the methods of individual studies assessing the association between DM and ICH occurrence may partly explain the variations in the estimates and the weak association we found. Further research is needed to confirm and investigate explanations for any associations and to identify whether subgroups of people with DM are at higher risk of ICH and ICH case fatality and whether improved glycemic control reduces risk of ICH and ICH case fatality. Large, prospective observational cohort studies, adjusting for all known risk factors for ICH and its outcome and stratified by type of DM, are required to further investigate the association between DM and case fatality and also to investigate whether DM influences stroke recurrence and functional outcome. 
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